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Abstract: The aim of the present study was to determine some hematological parameters (RBC, WBC, HCT, HGB, MCH, MCHC, MCV,
and PLT), the presence and percentages of ANAE and AcP-ase positivities in leukocytes and the differential leukocyte count in Kivircik
sheep. Blood samples were taken from the jugular vein of 40 (rams = 20; ewes= 20) healthy, 1-year-old sheep. MCH and MCHC values
were found statistically higher in rams than ewes (p < 0.05). Mean percentages of ANAE-positive PBL were defined as 74.16 ± 11.94%
in ewes and 70.33 ± 8.39% in rams. It was not determined any significant changes according to sex. On the other hand, the percentages
of ACP were determined as 67.12 ± 6.54% in ewes and 66.71 ± 6.58% in rams. It was not found any significant differences according
to sex. For ANAE enzyme activity, lymphocytes, monocytes, neutrophils, and eosinophilic granulocytes showed a positive reaction.
For ACP enzyme activity, although lymphocytes presented positivity, monocytes, neutrophils, eosinophils were negative. The ratio of
lymphocyte, monocyte, neutrophile, eosinophile, and basophile of Kivircik ewes and rams were found as 64.35 ± 5.74%, 60.64 ± 8.85%;
3.41 ± 1.27%, 3.82 ± 1.42%; 27.58 ± 5.46%, 30.94 ± 8.71%; 2.41 ± 0.93%, 2.88 ± 1.45%; 1.76 ± 0.75%, 1.29 ± 0.58%, respectively. The
difference between mean values was not found significant according to sex (p > 0.05). In conclusion, our study showed that enzyme
histochemical methods can be used for identifying peripheral blood cells and can provide facilitates for early diagnosis of immune
system-related disorders in sheep.
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1. Introduction
Hematological parameters are widely used for the
assessment of health status in animals [1–4]. Also,
determination of the normal hematological parameters
[red blood cell (RBC) count, white blood cell count (WBC),
hemoglobin (HGB) concentration, hematocrit (HCT)
value, blood clot cell count (PLT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH),
and its concentration (MCHC)] is vital to providing a
baseline, screening, and diagnosis of many animal diseases
[5,6]. Besides, it was reported that a large number of factors
including species status, breed, sex, age, nutrition, illness,
and also seasonal variations can be affected the pattern of
these parameters [7,8].
Peripheral blood lymphocytes (PBL) have been
categorized as T and B lymphocytes according to their
immune-functions. Although T and B lymphocytes are
found to be inconsistent ratios in the peripheral blood
of healthy living beings (animals), their ratios can be
significantly affected by some proliferative diseases [9,10].
These lymphocytes are responsible for the humoral

and cellular immune response [11]. Moreover, they
undoubtedly reflect well the functional condition of the
immune system [12].
It has been announced that enzyme histochemical
techniques are used for simple and inexpensive properties
in recent years. They provide important information
about an enzyme’s identity, location, and quantity [13].
In addition, they have practical value for identifying
immunocompetent T lymphocytes, different leukocyte
types, and some leukemia cells [14], to diagnose some
hematological disorders [15, 16]. Osbaldiston and Sullivan
[17] informed that α-Naphthyl acetate esterase (ANAE)
and acid phosphatase (AcP-ase) are generally used as
cytochemical indicators to classify lymphocyte subtypes.
Basso et al. [18] reported that AcP-ase occurred at the
early phases, then, ANAE occurred at the later phases of
T-lymphocyte maturation process in the thymus.
The ANAE is a member of the nonspecific esterase
that is widely distributed in various types of cells
[19]. Knowles et al. [20] reported that the ANAE is a
lymphocyte lysosomal enzyme and demonstrated in
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mature-immature T lymphocytes. ANAE was localized in
the lysosome membranes [21]. Asti et al. [22] reported that
ANAE presents both in lysosomes membranes and inside
lysosomes of the T lymphocytes. It has been suggested that
the ANAE is useful for differentiating T and B lymphocytes
and also monocytes in peripheral blood samples [19].
ANAE positivity has been investigated extensively in
many mammalian animal species such as cattle [15], camel
[23], gazelle [24], goat [25], sheep [26, 27], horse [12, 28],
Angora rabbit [10], mice [29, 30], cat [31], and dog [19].
AcP-ase is a lysosomal enzyme and is distinctive for
cell populations, mainly T- lymphocytes in mammalians.
The enzymatic activity of the AcP-ase starts throughout
the early view stage of T-lymphocyte maturation of the
thymus tissue [18]. Moreover, it has been reported that
AcP-ase enzyme activity is formed in fetal thymocytes
[16,32,33]. Up to now, it has been applied for the diagnosis
of some diseases such as acute, chronic T cell lymphoproliferation [16,34]. The enzymatic positivity of the AcPase has been studied in different animal species such as
Merino sheep [26], horse [12, 28], dog [19], greyhound
[35], and cattle [36].
Sheep breeding has been an important part of human
life throughout history and provided the raw material for
the industry, which process different animal products,
including food, textile, and hides [37,38]. Although there
are many types of sheep breeds in Turkey (Akkaraman,
Morkaraman, Daglic, Awassi), Kivircik is the most
common sheep constituting 6 to 7% of the total population.
The Kivircik sheep breed is preferred due to its higher
meat and wool quality than other native sheep breeds in
Turkey [39].
We aimed to determine some hematological parameters
(RBC, WBC, HCT, HGB, MCH, MCHC, MCV, PLT), the
presence of ANAE and AcP- ase positivities in different
leukocytes types, and the proportion of lymphocytes,
monocytes, neutrophils, eosinophils and basophils in
Kivircik sheep.
2. Materials and methods
2.1. Animal selection and sample collection procedure
The animals were obtained from the Balıkesir University
Application and Research Farm in Balıkesir, Turkey.
All animal handling and procedures were approved by
the Experimental Medicine Research and Application
Center of Balıkesir University Experimental Animal
Ethics Committee (2019/4-6, Turkey). In order to detect
the healthy condition, general clinical examination
methods were used, and animals revealed no pathological
symptoms. Kivircik sheep breeds (n = 40; 1-year-old) were
divided into two groups according to their sex (ewes n
= 20, rams n = 20). Blood samples (2 mL) were taken by
jugular vein via a needle (1.2 mm × 38 mm) to heparinized
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tubes. Then, the samples were transferred to the laboratory
shortly after being collected under cold chain conditions.
Six smears were prepared from blood samples for each
animal [ANAE (2), AcP-ase (2), and May Grünwald
Giemsa stainings (2)].
2.2. Hematological Parameters
Hematological parameters such as RBC and WBC count,
HGB concentration, HCT value, PLT count, MCV, MCH,
and MCHC were detected using an automatic cell counter
(Abacus Junior Vet-5, Vienna, Austria). The prepared
smears, which were stained with the May Grünwald
Giemsa, were used to detect the ratios of lymphocyte,
monocyte, neutrophile, eosinophile, and basophile [40].
2.3. Demonstration of ANAE
ANAE was shown using the technique of Donmez and Sur
[41] with minor alterations. Firstly, the prepared smears
were fixed in a glutaraldehyde acetone solution at –10 °C
for 3 min. Then, they were rinsed 3 times in distilled water
and air-dried at room temperature (24 °C). ANAE solution
was prepared as follows: 20 mg of α-naphthyl-acetate
(N-8505; Sigma, Germany) was dissolved in 0.8 mL of
acetone (Merck, Germany). Then, 4.8 mL of hexazotized
pararosaniline was added to abovementioned solution.
Then, dissolved α-naphthyl-acetate and hexazotized
pararosaniline mix solution were poured into the 80 mL
of buffered phosphate saline, pH = 5. The final pH value
of prepared ANAE solution was set to 5.8 with 1 N NaOH
and filtered. Immediately after the incubation period (2
h at 37 °C), the prepared smears were rinsed 3 times in
distilled water. Then, nuclei of leukocytes were stained with
1% methyl green (Sigma, Germany) that was prepared in
acetate buffer at pH = 4.2 for 20 min.
2.4. Demonstration of AcP-ase
AcP-ase activity was shown using the technique of Donmez
and Sur [41] with little changes. The prepared samples
were fixed in formal-Ca at 4 °C for 10 min. After, they
were rinsed in distilled water. The solution of AcP-ase was
prepared as follows: 10 mg of naphthol AS-BI phosphate
(N-2125, Sigma, Germany) was dissolved in 1 mL of N,Ndimethyl formamide (Sigma, Germany), 13 mL of distilled
water and 1.6 mL of hexazotized pararosaniline and 5 mL
of veronal acetate buffer (Michaelin’s, pH = 5). The latest
pH of the prepared AcP-ase solution was set to five with
1 N sodium hydroxide and filtered. When the incubation
period (for 1 h at 37 °C) finished, the blood smears were
rinsed 3 times using distilled water. Shortly after, the nuclei
of leukocytes were stained with 1% methyl green (Sigma,
Germany) in acetate buffer (pH = 4.2) for 20 min.
All the smear samples were investigated by a light
microscope (Leica DM 2500, Wetzlar, Germany). In
each of the prepared smears indicating ANAE and
AcP-ase positivies, 200 lymphocytes were counted, and
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enzyme positive lymphocyte ratios were enounced as the
percentage of cells. Furthermore, for differential leukocytes
in the smears with May Grünwald Giemsa staining, 100
leukocytes were counted and calculated (%).
2.5. Statistical analysis
Differences between the groups were evaluated by analysis
of independent samples T-test using the SPSS 22.0
program (SPSS, Inc, Chicago, IL). Values for p ≤ 0.05 were
considered significant.
3. Results
3.1. Hematology
The results obtained from the Kivircik sheep were presented
in Table 1. RBC, WBC, HGB, HCT, PLT, and MCV values
were analyzed for both sexes, and the statistical difference
was not determined between the groups (Table 1) (p >
0.05). On the other hand, MCH and MCHC values were
found statistically higher in rams than ewes (p < 0.05).
3.2. ANAE and ACP positivities in leukocytes
The mean ratios of the ANAE and AcP-ase positivities
PBL, and all leukocyte presented in Table 2.
When examined in the blood smears, ANAE positivity
was observed in PBL, monocytes, neutrophils, and
eosinophils in Kivircik sheep. These cells had two types of
ANAE positivity. The first type of positivity was the dot-like
pattern, characterized by the presence of 1-4 large reddishbrown granules, in the cytoplasm of lymphocytes, adjacent
to the cell membrane (Figure 1). Most of the ANAE-positive
lymphocytes had the first type of positivity. The second
type of positivity was a granular pattern, characterized
by the presence of 5–10 smaller and scattered granules of
the same color in the cytoplasm of lymphocytes (Figure
2). In a few ANAE-positive lymphocytes, we observed
the second type of positivity. The mean ratios of ANAEpositive lymphocytes were detected as 72.16 ± 11.94%
in ewes and 70.33 ± 8.39% in rams. It was not detected
any significant change according to sex (p > 0.05; Table
2). Monocytes displayed a strong diffuse staining model
(Figure 3). Neutrophils and eosinophils showed a positive
ANAE enzymatic reaction (Figures 4 and 5).

Table 1. Some hematological parameters of 1-year-aged Kivircik
sheep (rams/ewes).
Parameters

Sex

n

Mean±SE

WBC (109/L)

Rams
Ewes

20
20

7.27 ± 0.72
8.15 ± 0.62

RBC (1012/L)

Rams
Ewes

20
20

11.16 ± 0.41
11.46 ± 0.28

HGB (g/dl)

Rams
Ewes

20
20

11.68 ± 0.30
11.52 ± 0.32

HCT (%)

Rams
Ewes

20
20

30.92 ± 0.63
31.24 ± 0.67

MCV (fL)

Rams
Ewes

20
20

28.30 ± 0.78
27.35 ± 0.39

MCH (pg)

Rams
Ewes

20
20

11.02 ± 0.31a
10.04 ± 0.14b

MCHC (g/dl)

Rams
Ewes

20
20

38.89 ± 0.55a
36.80 ± 0.49b

PLT (109/L)

Rams
Ewes

20
20

368.00 ± 24.47
343.25 ± 29.80

Values within a column with no common superscripts are
different, p < 0.05.
a-b

When examined in the blood smears, AcP-ase
positivity was observed 1-3 reddish-pink cytoplasmic
granules in the lymphocytes (Figure 6). The mean ratios
of AcP-ase positive lymphocytes were defined as 67.12 ±
6.54% for ewes and 66.71 ± 6.58% for rams (Table 2). It was
also not found significant change with regard to sex (p >
0.05). Monocytes, eosinophil, and neutrophil granulocytes
showed no enzymatic reaction (Figure 7). Besides, we
found that the ratios of AcP-ase positive lymphocytes were
lesser than ANAE-positive lymphocytes. Since basophils
were not seen in cell counts of the examinated smears,
these cells were not evaluated in terms of ANAE and AcPase enzyme positivities.

Table 2. Mean ratios of the ANAE and AcP-ase positivities in PBL and different leukocyte counts of Kivircik sheep (Mean ± SE).

Sex

Lymphocyte
(%)
Mean±SE

Neutrophil
(%)
Mean±SE

Monocyte
(%)
Mean±SE

Eosinophil
(%)
Mean±SE

Basophil
(%)
Mean±SE

ANAE positive
lymphocytes (%)
Mean±SE

ACP positive
lymphocytes (%)
Mean±SE

Ewes (n = 20)

64.35 ± 1.39

27.58 ± 1.32

3.41 ± 0.30

2.41 ± 0.22

1.76 ± 0.18

72.16 ± 2.89

67.12 ± 1.58

Rams (n = 20)

60.64 ± 2.14

30.94 ± 2.11

3.82 ± 0.34

2.88 ± 0.35

1.29 ± 0.14

70.33 ± 2.03

66.71 ± 1.59

Significance

N.S

N.S

N.S

N.S

N.S

N.S

N.S

Values within a column with no common superscripts are different, p < 0.05.
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Figure 1. ANAE positive lymphocyte for the dote-like pattern in Kivircik sheep.
ANAE demonstration. Arrow: ANAE-positive peripheral blood lymphocyte.

Figure 2. ANAE positive lymphocyte for granular model and ANAE-negative
lymphocyte in Kivircik sheep. ANAE demonstration. Arrow: ANAE-positive
peripheral blood lymphocyte. Arrowhead: ANAE-negative peripheral blood
lymphocyte.

In the blood smears stained with May Grünwald
Giemsa, the ratio of lymphocyte, monocyte, neutrophile,
eosinophile, and basophile of Kivircik ewes and rams were
determined as 64.35 ± 5.74%, 60.64 ± 8.85%; 3.41 ± 1.27%,
3.82 ± 1.42%; 27.58 ± 5.46%, 30.94 ± 8.71%; 2.41 ± 0.93%,
2.88 ± 1.45%; 1.76 ± 0.75%, 1.29 ± 0.58%, respectively. The
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difference between mean values according to gender was
not determined (p > 0.05; Table 2).
4. Discussion
In our study, the numbers of RBC were found as 11.16 ±
0.41; 11.46 ± 0.28 ×1012/L in one-year-aged Kivircik rams
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Figure 3. ANAE positive monocyte with diffuse staining in Kivircik sheep. ANAE
demonstration. Arrow: ANAE-positive peripheral blood monocyte.

Figure 4. ANAE-positive peripheral blood neutrophil in Kivircik sheep. ANAE
demonstration. Arrow: ANAE-positive peripheral blood neutrophil.

and ewes, respectively. These parameters were detected as
7.97 ± 2.24; 8.33 ± 3.38×106 /mm3 in same-aged Awassi
rams and ewes in Şanlıurfa, Turkey [42]. The numbers of
RBC were also defined as 11.49 ± 1.25; 10.44 ± 1.17 and
9.40 ± 1.10; 8.46 ± 0.69×106 /mm3 in 1.5–2-year-old Tuj and
Morkaraman rams and ewes, respectively [43]. On the other
hand, it was not found a significant difference between the
groups (rams, ewes) according to HGB, HCT, and MCV

values in our study. These findings were corresponding with
many previous studies [43–46]. Conversely, RBC and MCV
values were detected significantly different according to
sex in 1-year-old indigenous Nepal sheep breeds that were
inconsistent with our results [47]. In the present study, MCH
and MCHC values were defined significantly higher in 1-yearaged rams than ewes. These results were corresponding
with the findings of Yigit et al. [42] but completely opposite
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Figure 5. ANAE-positive peripheral blood eosinophil in Kivircik sheep. ANAE
demonstration. Arrow: ANAE-positive peripheral blood eosinophil.

Figure 6. AcP-ase positive peripheral blood lymphocyte in Kivircik sheep. AcP-ase
demonstration. Arrow: AcP-ase positive peripheral blood lymphocyte.

with reports of Amatya Gorkhali et al. [47] according
to MCH values. Hence, many factors such as genetics,
geographical location, season, day length, altitude as well
as drug administration might be affected the different data
[48]. In our study, the numbers of WBC were defined as
8.15 ± 0.62; 7.27 ± 0.72×109 /L in 1-year-old ewes and rams,
respectively. These values were determined as 12.33 ± 0.80;
11.28 ± 0.40 × 103 /mm3 in same-aged (1-year-old) Awassi
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rams and ewes, respectively [42]. Amatya Gorkhali et al.
[47] also detected the numbers of WBC as 9.66 ± 1.16×109
/L in same-aged (1-year-old) indigenous Nepal sheep. In
addition, no significant change was found between the sex
groups according to percentages (%) of differential WBC
in our study. These results were similar to previous studies
[42,47,49]. These values may be affected by some intrinsic
and extrinsic factors [50].
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Figure 7. AcP-ase negative peripheral blood neutrophil in Kivircik sheep. AcP-ase
demonstration. Arrow: AcP-ase negative peripheral blood neutrophil.

The methods of enzyme histochemistry provide
practical value for identifying immature and mature T
lymphocytes [14] and for diagnosing both human [16]
and bovine leukemia [15]. In some of the viral diseases
such as lymphoid leukosis of cattle and distemper in
dogs, remarkable alterations have been detected in either
lymphocyte percentages or enzymatic positivity of these
cells [15,51]. Sen et al. [51] have been suggested that the
percentages of ANAE and AcP-ase positive lymphocytes
may be used for early view diagnosis of certain applications
for many disorders.
Although ANAE positivity has been detected in many
mammalian studies in the literature, it has not been found
any information about the ANAE activity in the Kivircik
sheep. The percentage of ANAE positive lymphocytes was
68.37% in adult Angora cats [31], 83.0% in Van cats [52],
64.67% in mice [29], 68.0% in horses [12], 63.13% in male
and 60.75% in female Turkish Kangal dogs [19], 81.33%
in camels [23], 72.0% in gazelles [24], 47.7% in cattle
[15], 63.6% in goats [25], 68.2% in Angora rabbits [10],
and 87.0% in bear [53]. Sur [26] reported 67.75% ANAEpositive PBL for 52-week-old Merino rams. Moreover,
Sur et al. [54] were found 73% ANAE- positive PBL in
Merino ewes. We detected the percentage of ANAEpositive lymphocytes 72.16% in Kivircik ewes and 70.33%
in rams. Our findings were compatible with Sur et al.
[54]. In our study, we detected that percentage of ANAEpositive lymphocytes were higher than those of Sur [26].
The differences may be due to a large number of factors
including species, breed, sex, age, nutrition, illness, and
also seasonal variations.

In the present study, monocytes were stained diffusely
by ANAE staining. The same reactions have been
announced for gazelle [24], cat [52], goat, cattle, dog, and
horse [55]. We found the monocyte ratios as 3.41 ± 0.30%
in Kivircik ewes and 3.82 ± 0.34% in rams. On the other
hand, Celebi and Uzun [43] reported that monocyte ratios
were found as 3.01 ± 1.45% in Tuj ewes and 3.00 ± 1.09%
in rams. Besides, they detected the monocyte ratios as 4.02
± 2.10 in Morkaraman ewes and 4.00 ± 1.52 in rams. Also,
neutrophils showed a positive reaction in our study. Asti et
al. [55] reported that neutrophils of goat and cattle displayed
a positive reaction. In our study, the neutrophil ratios were
detected as 27.58 ± 1.32% in Kivircik ewes and 30.94 ±
2.11% in rams. In addition, Celebi and Uzun [43] reported
the neutrophil ratios as 30.00 ± 10.06% in Tuj ewes and
42.00 ± 9.09% in rams. Also, they detected the neutrophil
ratios as 35.00 ± 10.05 in Morkaraman ewes and 49.00 ±
7.81 in rams. In the present study, eosinophils showed a
positive reaction. The diffuse staining of the eosinophils
has been determined in gazelles [24], cats [52], Kangal
dogs [56], goat, cattle, and horses [55]. These research
were similar to our study. The eosinophil granulocyte
ratios were observed as 2.41 ± 0.22% in Kivircik ewes and
2.88 ± 0.35% in rams. On the other hand, Celebi and Uzun
[43] reported the eosinophil granulocyte ratios as 2.00 ±
1.50% in Tuj ewes and 3.00 ± 1.87% in rams. At the same
time, they determined the eosinophil granulocyte ratios as
3.00 ± 1.64 in Morkaraman ewes and 6.00 ± 3.21 in rams.
We found the basophil ratios, 1.76 ± 0.18% in Kivircik
ewes and 1.29 ± 0.14% in rams. On the other hand, Celebi
and Uzun [43] reported the basophil ratios as 0.60 ±
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0.70% in Tuj ewes and 0.40 ± 0.45% in rams. Also, they
found the basophil ratios as 0.60 ± 0.86 in Morkaraman
ewes and 0.30 ± 0.57 in rams. It may be affected by breed,
management and nutrition conditions, seasonal variations,
and alterations in the immunity levels of animals.
AcP-ase, a lysosomal enzyme, is used for differential
diagnosis of some lymphoproliferative disorders [34].
AcP-ase enzyme activity was rarely used in mammalian
species in the previous studies. On the other hand, the
AcP-ase activity was demonstrated in different animal
types. The percentage of AcP-ase positive lymphocytes was
found as 25.0% [12] and 28.46% in horses [28]. It was also
detected as 39.12% in female and 39.37% in male dogs [19],
36.00% in female and 33.57% in male greyhounds [35],
respectively. Also, Sen et al. [51] found the percentage of
AcP-ase positive lymphocytes as 46.74% in mix-bred dogs.
In the present study, AcP-ase positivity rates for PBL were
67.12% in ewes and 66.71% in rams. Sur [26] reported
AcP-ase positive PBL as 32.31% in 52-week-old Merino
rams. Similarly, Sur et al. [54] found AcP-ase positive
PBL as 63.05% in Merino ewes. The differences may be
due to a large number of factors including species, breed,
sex, age, nutrition, illness, and also seasonal variations.
In the present study, strong AcP-ase positivity of the
lymphocytes was observed. Sur [26] informed that AcPase positive lymphocytes of Merinos showed either one or
three pinkish granular stainings (patterns). Moreover, Sur
et al. [19] declared that lymphocytes of Anatolian Kangal
dogs presented a high AcP-ase enzyme positivity that was
also similar with our results. Monocytes, neutrophils, and
eosinophil granulocytes did not show AcP-ase activity

in our study. Although monocytes of Anatolian Kangal
dogs demonstrated high AcP-ase positivity, neutrophils
demonstrated poor enzyme activity [19]. Although
AcP-ase positivity was found strong in monocytes and
eosinophil granulocytes, neutrophils showed a negative
reaction according to AcP-ase in greyhound dogs [35]. In
the previous studies, the proportions of lymphocytes were
detected as 67.50% in mice [29], 46.20% in horses [28],
36.29% in female greyhound dogs, and 33.00% in male
greyhound dogs [35]. We demonstrated the proportion
of lymphocytes in ewes and rams as 64.35%, 60.64%,
respectively. Sur et al. [54] found as 49.25% proportions
of lymphocytes in Merino ewes. Celebi and Uzun [43]
reported that the proportion of lymphocytes in Tuj sheep
was 65.0%, 52.0% in ewes and rams, respectively. Similarly,
Sur [26] defined the proportions of lymphocytes as 59.97%
in 52-week-old Merino rams.
5. Conclusion
The present study showed that enzyme histochemical
methods may be used for identifying peripheral blood
leukocytes and may provide facilitates for early diagnosis
of immune system-related disorders in sheep.
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